The reactions of Zintl ions Sn 9 4− formed in ethylenediamine solutions of K 2 Cs 2 Sn 9 and Rb 4 Sn 9 with elemental tellurium have been investigated. Addition of elemental tellurium to the filtrates of these solutions leads -depending on the reaction conditions -to four different products: Compounds K 0.36 (1 [Sn 4 Te 12 ] (4). Compounds 1, 2 and 4 have been structurally characterized by single-crystal X-ray diffraction.
Introduction
In the past decades, metal chalcogenides have extensively been studied [1] . Among these main group chalcogenidometalates such as [Ge 4 [4] are of particular interest because of their structural diversity and their apparent technological potential as precursors to some multifunctional materials [5] . In this context the compounds containing [Sn x Te y ] q− ions have been obtained mainly by three methods [6] . In the first method elemental tin and tellurium are fused together at high temperature [7] . However, most of the so obtained high-temperature phases contain only relatively simple anionic units, and the formation of larger aggregates like chains or rings have not been observed under these conditions. The second method is the hydro-(or solvo-) thermal synthesis [8] . In this case smaller units assemble to larger anionic aggregates of various structures. The third, less explored method is based on reactions in solution in which different simple starting materials are employed to react in appropriate solvents under mild controllable conditions. This route offers a broad range of variations which as yet have not been explored comprehensively [9] . 0932-0776 / 09 / 1100-1319 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Thus, we became interested in solution reactions of [E 9 ] 4− Zintl ions (E = Ge, Sn, and Pb) [10] and showed in a previous study that the reaction of K 4 Sn 9 with elemental tellurium in solution led to the formation of the anion [Te 2 Sn(µ-Te) 2 SnTe 2 ] 4− and -after the addition of Me 3 NO -to [Sn(µ-Te) 3 Sn] 2− [11] . A more general method to obtain Zintl ions from solutions is the use of a sequestering agent for the countercation, such as 2,2,2-crypt [12] or 18-crown-6 [10a] . The presence of a sequestering agent very often facilitates the crystallization of the Zintl ion-containing compounds [13] , but in order to obtain neat Zintl phases the presence of sequestering agents in the solution should be avoided.
Herein, we report on the reactions of Group 14 Zintl ions with elemental tellurium in the absence of cationsequestering agents, and describe the structures of the products.
Results and Discussion
The reactions were carried out in ethylenediamine solutions of K 2 Cs 2 Sn 9 and Rb 4 Sn 9 both of which are known to contain the Zintl anion [Sn 9 ] 4− with a tenfold excess of elemental tellurium in the absence of any sequestering agents. Interestingly, a change of the 4− Zintl Ions as Reactive Precursor for Neat Solids 4− anion present in compounds 1 and 2 has been found and structurally characterized by X-ray crystallography before in combination with a large number of different counter cations [14] . In compound 1 it is counterbalanced by K + /Cs + , Cs + cations and has the expected structure of an isolated, almost perfect tetrahedron shown in Fig. 1 , with Sn-Te bond lengths and Te-Sn-Te bond angles given in the Figure   Fig caption similar to those reported previously [14] . (Fig. 2) . The Sn(1)-Te(4) distance in the pyramidal unit is 2.897(1)Å. The Sn(2)-Te bond lengths in the tetrahedra are shorter and range from 2.703(1) to 2.769(1)Å, which can be rationalized by the higher formal oxidation state ("valence") of +4 of Sn(2) and the lower [15] . Furthermore, the Sn(2)-Te terminal distances are shorter than the sum of the Te (covalent) and the Sn(IV) radii (1.37 and 1.40Å, respectively) of 2.77Å [16] .
As already mentioned above, many tin-telluride Zintl phases -including now also compounds 1 and 2 -contain isolated tetrahedral SnTe 4 building blocks [14] . The anion of Cs 4 Sn 2 Te 7 forms a dimer of corner-sharing tetrahedra [15] 4 and AgTe 4 tetrahedra that form a three-dimensional network [27] . The anion of compound 4 represents a novel oligomer based on SnTe 4 tetrahedral building blocks in this series of compounds. summarized in Scheme 1 may provide insight into the mechanism of the oligomerization process of the Sn/Te species. At a first step of the reaction, Te atoms may insert into the Sn-Sn bonds of the Sn 9 4− cluster. Then cluster opening and defragmentation may occur by further reaction with Te. As one of the larger fragments of this process the anion of compound 4 is formed which still contains four Sn atoms. Further reaction with Te finally leads to the monomeric unit [SnTe 4 ] 4− . It is reasonable to assume that the polymerization of Sn-Te clusters can be influenced by the solvent and the reaction conditions. Studies in this direction are currently in progress.
Experimental Section
All reactions and manipulations were performed under an argon atmosphere using a glove box or Schlenk line. Ethylenediamine (Merck, 99 %) was dried over CaH 2 and freshly distilled and degassed prior to use. The phases of formal compositions K 2 Cs 2 Sn 9 and Rb 4 Sn 9 were synthesized from stoichiometric (2 : 2 : 9 for K 2 Cs 2 Sn 9 and 4 : 9 for Rb 4 Sn 9 ) mixtures of the elements (K: Merck, 99 %; Cs: Aldrich, 99.9 %; Sn: Merck, 99.9 %) heated at 740 • C for 20 h in a sealed stainless-steel container jacketed with an argon-filled fused-silica tube. The Te powder (ABCR, 99.9 %) was used as received after careful drying under vacuum.
Reaction of K 2 Cs 2 Sn 9 with elemental tellurium (a) K 2 Cs 2 Sn 9 (150 mg, 0.11 mmol), was dissolved in ethylenediamine (1 mL). The solution was stirred for 0.5 h, and tellurium powder (127 mg, 1 mmol) was added to the dark-red solution. The reaction mixture was stirred for 1 h during which time its color changed to orange. After filtration, the solution was layered with toluene and left undisturbed for one week. Large block-shaped red crystals of 1 and a small amount of orange needles of 3 appeared at the bottom of the flask. EDX analyses showed a ratio K : Cs : Sn : Te of 1 : 7 : 2 : 8 for 1, and a ratio Cs : Sn : Te of 4 : 2 : 7 for 3.
(b) K 2 Cs 2 Sn 9 (150 mg, 0.11 mmol), was dissolved in ethylenediamine (1 mL). The solution was stirred for 0.5 h, and transferred to a flask which contained solid tellurium powder (127 mg, 1 mmol) without stirring. The reaction mixture was left undisturbed for 12 h, then it was filtered, and the filtrate layered with toluene. Red crystals of 4 appeared within one week. The EDX analysis showed a ratio K : Cs : Sn : Te of 1 : 9 : 4 : 12 for 4.
Reaction of Rb 4 Sn 9 with elemental tellurium Rb 4 Sn 9 (150 mg, 0.11 mmol), was dissolved in ethylenediamine (1 mL). The solution was stirred for 0.5 h, and tellurium powder (127 mg, 1 mmol) was added to the darkred solution. The reaction mixture was stirred for 1 h during which time its color changed to orange. After filtration, the solution was layered with toluene and left undisturbed. Red crystals of 2 were obtained within one week. The EDX analysis showed a ratio Rb : Sn : Te of 4 : 1 : 4 for 2.
X-Ray diffraction and structure refinement
Single-crystal X-ray diffraction data were collected at 153 K on an Oxford Xcalibur3 diffractometer with a CCD area detector (graphite-monochromated MoK α radiation, crystals were protected by perfluoropolyalkyether oil). The structures were solved by Direct Methods and refined on F 2 using the SHELXTL V6.1 package [28] with anisotropic atomic displacement parameters for all atoms. The occupancy parameters were refined in separate series of leastsquares cycles in order to check for defects or possible mixed occupancies. This procedure revealed defects on the Rb6 and Rb7 positions in the structure of 2 with reasonable displacement parameters and lower R-values for s. o. f. values of ca. 87 at-% and 79 at-%, respectively, corresponding to a composition of "Rb 4.00(1) TeSn 4 " which is in accord with the ideal formula of Rb 4 TeSn 4 . Cs6 and Cs7 positions of isostructural 1 are occupied by 77 at-% and 90 at-%, respectively. Besides the defects, two mixed Cs/K positions were revealed, leading to the final composition K 0.36(1) Cs 3.64 (1) [SnTe 4 ] for 1. In structure 4, a large ellipsoid occurs for Cs5 in position 6h, therefore it was refined by a split model at position 12i with an atom site population of 50 %. On position 4f a mixed occupancy with 56 at-% Cs and 44 at-% K was observed leading to the composition K 0.44(1) Cs 9.56 (1) [Sn 4 Te 12 ]. Contributions of small amounts of disordered solvate molecules in the channels depicted in Fig. 3 to the structure factors were taken care of by the SQUEEZE option of PLATON [29] . All relevant crystallographic data for the data collections and evaluations are listed in Table 1 
